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Abstract:  
Visual inspection of world maps shows that coronavirus disease 2019 (COVID-19) is less 
prevalent in countries closer to the equator, where heat and humidity tend to be higher. Scientists 
disagree how to interpret this observation because the relationship between COVID-19 and 
climatic conditions may be confounded by many factors. We regress confirmed COVID-19 cases 5 
per million inhabitants in a country against the country’s distance from the equator, controlling 
key confounding factors: air travel, distance to Wuhan, testing intensity, cell phone usage, vehicle 
concentration, urbanization, and income. A one-degree increase in absolute latitude is associated 
with a 2.6% increase in cases per million inhabitants (p value <0.001). The Northern hemisphere 
may see a decline in new COVID-19 cases during summer and a resurgence during winter.  10 
One Sentence Summary: An increase in absolute latitude by one degree is associated with a 2.6% 
increase in COVID-19 cases per million inhabitants after controlling for several important factors.  
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Main Text: Many inhabitants of the Northern Hemisphere hope that spread of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and therefore prevalence of coronavirus 
disease 2019 (COVID-19) will decrease when the weather gets warmer and more sunlight reaches 
the Earth’s surface in spring and summer. Many viral acute respiratory tract infections, such as 
influenza A and B, rhinovirus, respiratory syncytial virus, adenovirus, metapneumovirus, and 5 
coronavirus, are climate dependent and share the same seasonality (1). Some viruses may have 
better stability in low-temperature, low-humidity, and low–UV radiation environments (2, 3). Thus, 
an association between hot and humid climate conditions and slower spread of SARS-COV-2 is 
plausible. 
However, as of yet little evidence supports this hypothesis (4). On March 9, 2020, the World Health 10 
Organization (WHO) stated that “[f]rom the evidence so far, the COVID-19 virus can be 
transmitted in all areas, including areas with hot and humid weather” (5). On April 7, 2020, the 
U.S. National Academies of Sciences, Engineering, and Medicine concluded that “[a]lthough 
experimental studies show a relationship between higher temperatures and humidity levels, and 
reduced survival of SARS-CoV-2 in the laboratory, there are many other factors besides 15 
environmental temperature, humidity, and survival of the virus outside of the host that influence 
and determine transmission rates among humans in the ‘real world’… with natural history studies, 
the conditions are relevant and reflect the real-world, but there is typically little control of 
environmental conditions and there are many confounding factors” (4). 
We use global data to examine the relationship between climatic conditions and the spread of 20 
COVID-19 controlling for several important confounding factors. We regress the prevalence of 
COVID-19 (logarithmically transformed) at the country level against the latitude of a country. 
Latitude captures every climate, because different latitudes on Earth receive different amounts of 
sunlight. The farther from the equator a country is located, the sharper is the angle of the sun’s 
rays that reach it, the less UV radiation it receives, and the lower the temperature is. Furthermore, 25 
latitude also affects humidity, because evaporation is temperature dependent (6). 
To control for key confounders, our analysis includes (i) data on air travel (7) and the distance of 
a country from Wuhan (8)—the original epicenter of the epidemic—to capture the transmission of 
SARS-CoV-2 to a country via different routes (9); (ii) vehicle concentration (10) and urbanization 
(7) to capture differences in the transmission of SARS-CoV-2 within a country (11); (iii) testing 30 
intensity (12, 13) to control for the vigor of a country’s COVID-19 response and for detection bias 
in cross-country comparisons (14, 15); (iv) cell phone usage (7) to control for the speed at which 
information on behavior change for COVID-19 prevention travels within a country (11, 16); and 
(v) income (7) to control for the availability of general and health systems resources to contain the 
spread of SARS-CoV-2 (17-19). We imputed missing country covariate data using multiple 35 
imputation (20). 
Fig. 1 and Table 1 show our results. The farther a country is located from the equator, the more 
cases the country has in relation to the number of inhabitants. Consistent with our expectations, 
COVID-19 prevalence is higher in countries that are more open to air travel and have higher 
vehicle concentrations. In ordinary least squares (OLS) regression, in which we control for all 40 
seven potential confounding factors, an increase in the distance from the equator by one degree of 
latitude is associated with an increase of the prevalence of COVID-19 by about 2.6% (Table 1, 
Model 5). This result is highly significant and implies that a country that is located 1000 kilometers 
closer to the equator could expect 21 percent fewer cases per million inhabitants, other things equal 
(given that a degree of latitude translates on average into a distance of 111 kilometers). Since the 45 
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change in Earth’s angle towards the sun between equinox and solstice is about 23.5 degrees, one 
could expect a reduction in cases per million inhabitants by 46 percent between two seasons. The 
coefficients of the added quadratic terms are insignificant at the 5% significance level, indicating 
that the relationship we are estimating is approximately linear (Table S1). As a robustness check, 
we further perform robust estimation based on the MM estimator, which is less sensitive to outliers. 5 
The size of the coefficient for latitude in the MM estimation is slightly higher than that in the OLS 
estimation and it remains highly significant (Table S2). 
 
Fig. 1. Scatterplot of the logarithm of cases per million inhabitants against absolute latitude in 
degrees for the full sample of countries. 10 
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Table 1. Results from Ordinary Least Squares regressions of COVID-19 cases per million 5 
inhabitants in a country on the country’s latitude and control variables. 
 
 
Cases per million inhabitants 
(1) 
Coefficient 
95% CI 
p value 
 
(2) 
Coefficient 
95% CI 
p value 
 
(3) 
Coefficient 
95% CI 
p value 
 
(4) 
Coefficient 
95% CI 
p value 
 
(5) 
Coefficient 
95% CI 
p value 
 
Latitude              0.066 
      (0.049 to 0.083) 
            0.064 
(0.046 to 0.081) 
             0.035 
(0.021 to 0.049) 
             0.031 
(0.017 to 0.046) 
             0.026 
(0.014 to 0.039) 
            <0.001           <0.001            <0.001            <0.001            <0.001 
Air travel              0.120 (0.018 to 0.222) 
             0.070 
(0.026 to 0.113) 
             0.074 
(0.027 to 0.121) 
             0.035 
(-0.014 to 0.084) 
               0.021              0.002              0.002              0.158 
Distance to 
Wuhan  
             0.075 
(0.001 to 0.149) 
             0.032 
(-0.034 to 0.097) 
             0.012 
(-0.055 to 0.079) 
             0.050 
(-0.014 to 0.114) 
               0.047              0.341              0.721              0.122 
Vehicle 
concentration   
             2.449 
(1.546 to 3.352) 
             2.409 
(1.484 to 3.334) 
             1.047 
(-0.053 to 2.147) 
               <0.001             <0.001               0.062 
Urbanization                0.025 (0.012 to 0.039) 
              0.021 
(0.008 to 0.034) 
             -0.003 
(-0.020 to 0.014) 
               <0.001               0.002               0.749 
Testing 
intensity    
             -0.006 
(-0.011 to -0.002) 
             -0.006 
(-0.010 to -0.002) 
 
Cell phone 
usage 
   
              0.009 
              0.004 
(-0.005 to 0.013) 
              0.008 
             -0.003 
(-0.012 to 0.006) 
 
Income    
              0.351 
 
 
 
              0.529 
              1.048 
(0.590 to 1.506) 
            <0.001 
      
Constant              2.815 
      (2.165 to 3.465) 
             2.030 
(0.962 to 3.098) 
             0.729 
(-0.181 to 1.638) 
             0.994 
(-0.234 to 2.221) 
             -6.372 
(-9.880 to -2.865) 
P value           <0.001            <0.001              0.115             0.111               0.001 
R2             0.349              0.441              0.650             0.684               0.742 
Adj. R2             0.343              0.426              0.634             0.663               0.723 
N              117               117               117              117                117 
Column 1 contains the bivariate specification of the regression of cases per million inhabitants on latitude. The other columns are nested models 
with control variables. Models (1) through (5) are alternative specifications. The results in this table refer to countries in which more than 100 cases 
were reported as of April 10, 2020. “Latitude” is the absolute latitude of a country in degrees; “air travel” refers to the number of air passengers per 10 
capita in a country; “distance from Wuhan” measures the distance of the capital city of a country from Wuhan, the original epicenter of the epidemic, 
in thousand kilometers; “vehicle concentration” is the number of registered vehicles per capita; “urbanization” is the percentage of the population 
living in cities; “testing intensity” is the number of tests per confirmed case; “cell phone usage” refers to the number of cell phones per capita; and 
“income” refers to the purchasing power adjusted per capita gross domestic product in a country. Robust standard errors are used to account for 
heteroscedasticity. Missing values were estimated with multiple (15) imputations. CI: confidence interval. 15 
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Our results are consistent with the hypothesis that heat and sunlight reduce the spread of SARS-
CoV-2 and the prevalence of COVID-19. However, our results do not imply that the disease will 
vanish from the Northern Hemisphere during summer. Rather, the higher temperatures in summer 
are likely to support public health measures to contain SARS-CoV-2 to some extent. WHO’s 
warning that the virus spreads in all climates must still be taken seriously. Notably, the disease is 5 
likely to spread more easily in the Southern Hemisphere over the coming months as it enters fall 
and winter. Countries in the Southern hemisphere, such as Brazil, Indonesia, or especially South 
Africa, where the highest number of immunocompromised HIV-positive population live (21), are 
less prepared to tackle the pandemic than the rich countries of the Northern Hemisphere.  
Our analysis has several limitations. First, while our results are consistent with the hypothesis that 10 
higher temperatures and more intensive UV radiation reduce SARS-CoV-2 transmission, the 
precise mechanisms for such an effect remain unclear and may indeed constitute both biological 
and behavioral factors. For example, people might gather less in crowded indoor places if 
temperatures are higher, which would reduce transmission. Thus, future research at a later stage 
of the pandemic should aim at uncovering how the transmission of SARS-CoV-2 is impacted by 15 
changes in i) climatic factors such as heat and humidity, ii) geographic factors such as altitude and 
sunlight intensity, and iii) factors related to human behavior such as social interactions and 
pollution due to local economic activity at a more disaggregated level. Second, even though we 
include all countries worldwide for which data for this analysis were available, our final data set 
included only 117 out of the world’s 195 countries, mainly due to the fact that some countries have 20 
not yet surpassed the 100 case threshold. Third, while we strive to control for differential testing 
intensity using a recently compiled and frequently updated data set (12, 13), the data on testing 
intensity could suffer from reporting biases and incomplete coverage of testing approaches. To the 
extent that testing intensity is a function of a country’s income, our analysis controlling for income 
(Table 1, Model 5) should reduce any biases these data limitations introduce. The fact that column 25 
(5) in Table 1 contains a parameter estimate of latitude that is only slightly lower than the one in 
column (4) and still highly significant is reassuring in this regard. Finally, the distance to the 
equator only has the same effects to the south and the north at equinox. However, this would be a 
greater concern if we did the analysis closer to the solstices in summer or in winter. In addition, 
the effect sizes stayed rather stable over time. In earlier analyses of the data in mid-March, we 30 
found similar coefficient estimates. 
In sum, we show that an increase in absolute latitude by one degree is associated with a 2-3 percent 
increase in cases per million inhabitants. Increasing temperatures and longer sunlight exposure 
during summer in the Northern hemisphere may to some extent boost the effectiveness of public 
health policies and actions to control the spread of SARS-CoV-2. Conversely, the threat of 35 
epidemic resurgence may increase during winter.  
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